Abstract. Software effort estimation is still a significant challenge for software management. Although Functional Size Measurement (FSM) methods have been standardized and have become widely used by the software organizations, the relationship between functional size and development effort still needs further investigation. Most of the studies focus on the project cost drivers and consider total software functional size as the primary input to estimation models. In this study, we investigate whether using the functional sizes of different functionality types, represented by the Base Functional Component (BFC) types; instead of using the total single size figure have a significant impact on estimation reliability. For the empirical study, we used the projects data in the International Software Benchmarking Standards Group (ISBSG) Release 10 dataset, which were sized by the COSMIC FSM method.
Introduction
Forty years after the term "software engineering" was coined [28] great effort has been put forth to identify and fine tune the "software process" and its proper management. Unique tools and techniques have been developed for software size, effort, and cost estimation to address challenges facing the management of software development projects [16] [42] [45] .
A considerable amount of these efforts have been put on software size measurement based on the fact that software size is the key measure. Function Point Analysis (FPA) was designed initially in 1979 [1] by Albrecht. This method was aimed at overcoming some of the shortcomings of measures based on Source Lines of Code (SLOC) for estimation purposes and productivity analysis, such as their availability only fairly late in the development process and their technology dependence.
FPA method was based on the idea of determining size based on capturing the amount of functionality laid out on software functional requirements. They take into account only those elements in the application layer that are logically 'visible' to the user and not the technology or the software development methodology used. Since the introduction of the concept, the topic of FPA evolved quite a bit. Many variations and improvements on the original idea were suggested [11] , some of which proved to be milestones in the development of Functional Size Measurement (FSM).
FPA was designed in a business application environment and has become a de facto standard for this community. During the following years, a large number of variants for both business application software and for other application domains (such as real-time, Web, Object Oriented, and data warehouse systems) 1 were developed. In the '90s, work was initiated at the International Organization for Standardization (ISO) level to lay the common principles and foundations for regulating de jure standards in FSM. Between 1998 and 2005, the 14143 standard family was developed [31] 2 [33] - [37] with four instantiations matching with those requirements; the Common Software Measurement International Consortium Full Function Points (COSMIC FFP) [38] [46] the International Function Point Users Group (IFPUG) FPA [39] [43] , MarkII FPA [40] [44] and the Netherlands Software Metrics Association (NESMA) FSM [41] methods. A fifth FSM method, the Finnish one by FISMA [48] , will be standardized in a while. The evolution of current FSM methods is shown in Figure 1 . [38] , has been defined as a 2 nd generation FSM method as a result of a series of innovations, such as a better fit with both real-time and business application environments, identification and measurement of multiple software layers, different perspectives of functional users from which the software can be observed and measured, and the absence of a weighting system. Due to these constructive progresses, FSM has begun to be widely used for software size measurement. The number of benchmarking data on the projects which were measured by FSM methods has significantly increased in well-known and recognized benchmarks such as the one by ISBSG [13] with more than 4,100 projects.
On the other hand, one of the major uses of software size measurement is its use in software effort estimation for software management purposes. However, effort estimation still remains a challenge for software practitioners and researchers.
Effort estimation based on the functional size figures have just begun to emerge as more empirical data are collected in benchmarking datasets as in ISBSG dataset. The nature of the relationship between functional size and effort has been explored in many studies (see Section 2). The project related attributes such as 'Team Size', 'Programming Language Type', 'Organization Type', 'Business Area Type' and 'Application Type' were considered in the estimation models. However, the common conclusion of these studies was that although different models are successfully used by different groups and for particular domains, none of them has gained general acceptance by the software community due to the fact that no model is considered to perform well enough to fully meet market needs and expectations.
The general approach of the existing studies is the functional size of a software system is expressed as a single value obtained by a specific FSM method. This single value is derived from a measurement function in all ISO-certified FSM methods, and it is the result of adding together the functional sizes of different Base Functional Component (BFC) 4 Types to obtain a total functional size. Each BFC Type represents different type of functionality to be provided to the users.
In our previous study [47] , we made an analysis on the ISBSG dataset to test our hypothesis which states that the effort required to develop the unit size of each of the BFC Types, which provide different user functionalities is different and hence contributes to total effort at different levels. The results showed that using the functional sizes of each BFC Type as inputs to effort estimation improve the estimation reliability. In that study, we considered 'Application Type' to form the homogenous sub-groups of projects for the statistical analysis.
In the study presented here, we further investigate the contribution of different functionality types represented by BFC Types to total development effort. We again utilized the project data, which were measured by COSMIC-FFP [46] in the ISBSG dataset Release 10 [13] . In this case, we formed the sub-groups of projects with respect to 'Development Type'. Then, we made Pareto analysis to further investigate the effect of the size of the projects on the estimation reliability. We also analyzed the distribution of different BFC Types in different Application Types.
The paper is organized as follows: Section 2 presents some background on functional size measurement and related work on its relationship to project effort. Section 3 presents the data preparation process. Section 4 presents the data analysis and Section 5, the conclusions of this study.
Related Work
There is a large body of literature on software effort estimation models and techniques in which a discussion on the relationship between software size and effort as a primary predictor has been included, such as [2] [29] . Among these, the most significant are reported in [23] [24] to be 'Team Size', 'Business Area Type' and 'Application Type'.
Constructive Cost Model (COCOMO) II [6] , the revised version of the original COCOMO [5] takes into account the cost drivers in the estimation models and provide for measuring functional size and converting this result to SLOC. However, 'backfiring' of SLOC from functional size still can not account for the extra uncertainty introduced by adding another level of estimation [7] [8] [9] .
In [22] , Leung and Fan discuss both the strengths and weaknesses of effort estimation models. They evaluated the performance of existing models as well as of newer approaches to software estimation and found them as unsatisfactory. Similarly, in a number of studies, such as [2] [19] [20] [21], related work on effort and cost estimation models is assessed and compared. They concluded that the models, which are being used by different groups and in different domains, still have not gained universal acceptance.
Most of the above approaches use functional size as the primary predictor and consider other project parameters in effort estimation. Abran et al. [3] used the 2003 version of the ISBSG repository to build estimation models for projects sized by the FPA method. They defined the concept of a software functional profile as the distribution of function types within the software. They investigated whether or not the size-effort relationship was stronger if a project was close to the average functional profile of the sample studied. For each sample, it was noted that there was one function type that had a stronger relationship with project effort. Moreover, the sets of projects located within a certain range of the average profile led to estimation models similar to those for the average functional profile, whereas projects located outside the range gave different regression models, these being specific to each of the corresponding subsets of projects.
In [4] , the impact of the functional profile on project effort was investigated using the ISBSG repository. The ISBSG projects included in this analysis were sized by COSMIC method. In COSMIC, a functional profile corresponds to the relative distribution of its four BFC Types for any particular project. It was observed that the identification of the functional profile of a project and its comparison with the profiles of their own samples can help in selecting the best estimation models relevant to its own functional profile.
In [10] , the types of functionalities a software system can provide to its users are identified, and a multidimensional measure which involves measuring the functional size of each functionality type is defined. It was suggested that experimental studies should be conducted to find the relationship between the functional size of each functionality type and the effort needed to develop the type of functionality that can pioneer new effort estimation methods.
In [47] , Gencel and Buglione explored whether effort estimation models based on the BFC types, rather than those based on a single total value would improve estimation models. They observed a significant improvement in the strength of the size-effort relationship.
Data Preparation
In this study, the projects data in the ISBSG 2007 Repository CD Release 10 [13] were used for the statistical analysis. The ISBSG Repository includes more than 4,106 projects data on a very wide range of projects. Among those, 117 projects were sized using COSMIC-FFP. The projects cover a wide range of applications, development techniques and tools, implementation languages, and platforms. Table 1 shows the filtration process with respect to the project attributes defined in the ISBSG dataset. In the first step, we filtered the dataset with respect to the 'Count Approach' attribute to obtain the projects measured by COSMIC. This step provided 117 projects.
In the second step, we analyzed these 117 projects with respect to 'Data Quality Rating (DQR)' to keep only the highest quality data for statistical analysis. In the ISBSG dataset, each project has a Quality Tag 6 (A, B, C or D) assigned by the ISBSG reviewers based on whether or not the data fully meet ISBSG data collection quality requirements. Considering this ISBSG recommendation, 5 of the projects with a C and D rating were ignored, leaving 112 projects following this filtration step.
In the third step, we verified the availability of fields of size by functional type (or BFC) in the data set, for each of the 112 projects from step 2, since these fields are necessary for this study. The verification indicates that this information is not available for 21 of the projects, leaving 91 projects for the next step. 5 No further filter has been considered with respect to the COSMIC versions. 6 A: The data submitted were assessed as sound, with nothing identified that might affect their integrity; B:
The submission appears fundamentally sound, but there are some factors which could affect the integrity of the submitted data; C: Due to significant data not being provided, it was not possible to assess the integrity of the submitted data; D: Due to one factor or a combination of factors, little credibility should be given to the submitted data.
Since many factors vary simultaneously, the statistical effects may be harder to identify in a more varied dataset than in a more homogeneous one. Therefore, in Step 4, we built a series of homogeneous subsets considering the 'Development Type' attribute. We built homogeneous subsets for 'New Development', 'Enhancement' and 'Re-development' projects out of the 91 remaining projects. While forming the subsets, we removed the outlier projects which have very low productivity values. Since the data points for the Re-development projects were too few for statistical analysis (5 projects), we removed them from further analysis.
While exploring the nature of the relationship, we did not consider the impact of 'Application Type'. In our previous study [47] 
Statistical Data Analysis & Results
The primary aim of this study is to explore whether or not an effort estimation model based on the components of functional size rather than on only a total single value of functional size would improve estimation models and if so formulating the estimation model.
In this study, the two sub-datasets are first analyzed to determine the strength of the relationship between the total functional size and the development effort by applying a Linear Regression Analysis method. Then, the strength of the relationship between the functional sizes of the COSMIC BFC Types used to determine total functional size and development effort is analyzed by applying a Multiple Regression Analysis method. These findings are compared to the models representing the relationship between total functional size and effort. All the statistical data analyses in this study were performed with the GiveWin 2.10 [12] commercial tool and its sub modules and the Microsoft-Excel 'Data Analysis ToolPak' 7 .
Total Functional Size -Effort Relationship
For the Linear Regression Analysis [30] , we have the independent variable as Functional Size and the dependent variable as the Normalized Work Effort (NW_Effort) as given by the following formula;
where B 0 and B 1 are the coefficients to be estimated from a generic data sample. Normalized Work Effort variable is used so that the effort data among the projects which do not include all the phases of the development life cycle are comparable. Figure 2 shows the relationship between Normalized Work Effort and COSMIC Function Points (CFP). For the New Development Projects dataset, the R 2 statistic is better than that for the Enhancement Project datasets. A significance test is also carried out in building a linear regression model. This is based on a 5% level of significance. An F-test is performed for the overall model. A (Pr > F) value of less than 0.05 indicates that the overall model is useful. That is, there is sufficient evidence that at least one of the coefficients is non-zero at a 5% level of significance. Furthermore, a t-test is conducted on each β j ( 0 ≤ j ≤ k). If all the values of (Pr > |t|) are less than 0.05, then there is sufficient evidence of a linear relationship between y and each x j (1 ≤ j ≤ k) at the 5% level of significance. The results of the linear regression analysis are given in Table 2 .
For subsets 1 and 2, the Total Functional Size is found to explain about 76% and 71% of the NW_Effort respectively. See [50] for an exhaustive discussion and detailed explanation about the meaning of the statistical variables. Because two subsets obtained proper R 2 values against a quite high number of data points, they were not split by size ranges 8 or by application types. In this case a further split, the too reduced number of data points would not assure a statistical significance of the obtained results. In this study, the Multiple Regression Analysis method [30] was used to analyze the relationship between the dependent variable Normalized Work Effort and the functional sizes of each BFC Type as the dependent variables. The following multiple linear regression model [30] that expresses the estimated value of a dependent variable y as a functions of k independent variables, x 1 ,x 2 , ….. , x k , is used:
(2) where B 0 , B 1 , B 2 , B k are the coefficients to be estimated from a generic data sample.
Thus, the effort estimation model can then be expressed as:
where, NW_Effort (Normalized Work Effort) is the dependent variable and E, X, R and W are the independent variables representing the number of Entries, Exits, Reads and Writes respectively. In building a multiple linear regression model, the same significance tests as discussed in the previous section are carried out. Table 3 shows the multiple regression analysis results. In Table 4 , the results from the two approaches are summarized. The results show that the R 2 is higher using the four BFC Types rather than the single total COSMIC FPs (+16.7% for new development; +23.6% for enhancement projects). Another observation from the regression analysis results is that the functional sizes of not all BFC Types are found to be significant in estimating the effort. Two of the BFC Types, i.e. Entry and Write for New Development projects and Exit, Read and Write for Enhancement projects were found to model Normalized Work Effort.
So, the next two questions were; 1) What about the prediction capability of an estimation model using only the BFC Types found to be significant in estimating the effort, not necessarily all the four ones at a time? 2) Is there a correlation between the contribution of BFC Types to total functional size and the BFC Types which are found to be significant in estimating the effort? Table 5 shows the results for Question 1. Thus, for New Development projects, the functional sizes of only E and W types of BFCs and for Enhancement Projects, X, R and W types can as better estimate the effort as when the functional sizes of all four types are used. In order to answer Question 2, we analyzed the distribution of the BFC Types with respect to the Development Type (see Figure 3) . 10 It was calculated as the relative increment: [(R 2 (BFC)-R 2 (CFP)/R 2 (CFP)). The contribution to total functional size to Enhancement projects by R type BFC is the greatest, while X and E types contribute more for New Development projects. In terms of BFC Types, E, X and W types are predominant in New Development projects, while R in Enhancement ones.
Thus, we could not find a correlation between the level of contribution of BFC Types to total functional size and the ones which are found to be significant in estimation capability of an estimation model.
Conclusions & Prospects
This study has explored whether an effort estimation model based on the functional sizes of BFC Types rather than the total functional size value would provide better results. Our hypothesis was that the development effort for each of the BFC Types, which provide different user functionalities, might be different.
The R 2 statistics were derived from Linear Regression Analysis to analyze the strength of the relationship between total functional size and normalized work effort. The results were compared to the R 2 statistics derived from the Multiple Regression Analysis performed on the Functional Sizes of the BFC Types and Normalized Work Effort. We observed increases in R 2 values (0.76 to 0.89 for New Development projects and 0.71 to 0.88 for Enhancement projects) when the functional sizes of each of the BFC Types are taken into account for effort estimation purposes instead of the total functional size. The results showed a significant improvement, i.e. +16.7 % for new development projects and +23.6% for enhancement projects, in the effort estimation predictability.
Another interesting observation in this study is that the functional sizes of all BFC Types are not found to be significant in estimating the effort. Two of the BFC Types, i.e. Entry and Write for New Development projects and Exit, Read and Write for Enhancement projects were found to better model Normalized Work Effort.
We also analyzed the dominating BFC types in each of the datasets analyzing the frequency distribution. For New Development projects, it is the Entry (33.4%) and Exit (34.3%) that are dominant among the four BFC types. For Enhancement projects Entry (28.1%), Exit (23.8%) and Read (37.1%) that are all dominant. The results of these analysis showed that there is no correlation between the dominating BFC Types in the dataset and the BFC Types which are found to be significant in estimating the effort.
Our hypothesis in this study was developing different functionality types requires different amounts of work effort and contributes to effort estimation in different levels of significance. The results of this study confirmed our hypothesis. Although we built some estimation formulas based on the data in ISBSG dataset, our aim in this study was not to arrive at a generic formula but rather compare the conventional approach to effort estimation and our approach discussed in this paper. Further research is required to analyze which BFC Types are significant in estimating effort and to conclude the ones to be used for establishing reliable estimation models. Further work should also include comparisons with related work performed with the IFPUG FPA method.
Because of the improvements in the estimation results just using four proxies instead of the solely functional size unit value, the organizational consideration would be the data gathering process. Usually, only the total functional size values are stored, not the whole detail derived from the measurement. However, with a low additional cost in terms of time in the data insertion it would be possible to obtain better estimation premises. In process improvement terms, using the terminology of a well known and proven maturity model as Capability Maturity Models Integration (CMMI) [49] Thus, starting to consider which BFC Types are significant in estimation instead of using total size figures and using establishing estimation models considering different functionality types is promising. In order to verify these conclusions and find other eventual useful relationships, further studies will also be conducted on the ISBSG dataset for the projects measured by IFPUG FPA.
